From 106 human blastocyts donate for research after in vitro fertilization (IVF) and preimplantation genetic diagnosis (PGD) for monogenetic disorder, 3 human embryonic stem cells (hESCs) HVR1, HVR2 and HVR3 were successfully derived. HVR1 was assumed to be genetically normal, HVR2 carrying Becker muscular dystrophy and HVR3 Hemophilia B. Despite the translocation t(9;15)(q34.3;q14) detected in HVR2, all the 3 cell lines were characterised in vitro and in vivo as normal hESCs lines and were registered in the Spanish Stem Cell Bank. © 2016 Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
A total of 9 embryos from in vitro fertilization (IVF) and 97 embryos from preimplantation genetic diagnosis (PGD) were donated for research in accordance with the legal requirements of the country of origin by donors included in PGD program at Unidad de Gestión Clínica de Genética, Reproducción y Medicina Fetal (UGC) from University Hospital Virgen del Rocío. The donors gave written informed consent (Cortes JL et al., 2007 and Fernández et al., 2014) .
We were able to derive 3 embryonic stem cell (hESC) lines (HVR1, HVR2 and HVR3). The HVR1 was derived from human embryo donated for research from a healthy couple undergoing IVF treatment; HVR2 and HVR3 from human embryo donated for research from a couple included in our PGD program for Becker muscular dystrophy for Hemophilia A respectively.
Human embryos were thawed using Thaw Kit 1TM de Vitrolife ® and cultured using G2 medium (GIII series, Vitrolife ® ), inner cell mass (ICM) was mechanically isolated under stereomicroscope using 2 insulin syringe (25G) at "hatching blastocyst" stage (Ström et al., 2007) and plated onto mitomycin-C inactivated human newborn foreskin fibroblasts (hFFs), the resulting colonies displayed the typical morphology of hESCs ( Fig. 1A) and are positive to alkaline phosphatase staining (Fig. 1B) .
The analysis of pluripotent markers was evaluated by RT-PCR, immunofluorescence and flow cytometry. Undifferentiated HVR1, HVR2 and HVR3 cells expressed Oct4, Sox2, Nanog and Telomerase (TERT) detected by RT-PCR (Fig. 1C) , are positive to OCT4, SSEA4, TRA-1-60 and TRA-1-81 proteins assessed by immunostaining ( Fig. 1D ) and more than 90% of cells were positive to SEEA4 (Fig. 1E) .
The ability to differentiate into three germ layers was demonstrated by in vitro differentiation of embryoid bodies (EBs) and by in vivo teratoma formation after cells implantation into immune-deficient mice. Differentiated cells from HVR1, HVR2 and HVR3 expressed neuronal class III β-tubulin ectoderm marker (Tuj1), human cardiac troponin T mesoderm marker (cTnT) and human α-Fetoprotein endoderm marker (AFP) ( Fig. 2A) , while hematoxylin and eosin (H&E) and alcian blue contrastained sections from the teratomas indicated that the cell lines HVR1, HVR2 and HVR3 differentiated in vivo to all three germ layers (Fig. 2B) .
The karyotype analysis showed a stable karyotype 46,XY for HVR1 ( Fig. 3A) and 46,XX for HVR3 ( Fig. 3B) , however HVR2 presented a karyotype with chromosome translocation 46,XY, t(9;15)(q34.3;q14) ( Fig. 3C) ; this translocation has been also detected with FISH analysis (Fig. 3D) .
HVR1, HVR2 and HVR3 were successfully cultured in feeder-free culture conditions (on Matrigel™) and maintained in culture over 100 passages without morphological alterations.
Materials and methods

hESCs derivation and culture
The ICM was mechanically isolated under stereomicroscope using 2 insulin syringes (25G) at "hatching blastocyst" stage. ICM was plated onto mitomycin-C-inactivated human newborn foreskin fibroblasts (hFFs) (CRL-2429, ATCC), used as feeders, and maintained at 37°C, 5% CO 2 in Dulbecco's Modified Eagle's Medium supplemented with 20% knock-out serum replacement, 2 mM L-glutamine, 0.1 mM ßmercaptoethanol, 1% nonessential amino acids and 100 U/ml / 100 mg/ml penicillin/streptomycin (all from Gibco Invitrogen Corporation, Carlsbad, CA, USA) and 8 ng/ml of basic fibroblast growth factor (bFGF) (R&D Systems, Minneapolis, MN, USA). When the first colonies appeared, cells were passaged mechanically per week (Hovatta et al., 2003) . hESC cell lines were also cultured onto BD Matrigel™ hESC-Qualified Matrix coated flasks (BD Biosicences, San Diego, CA, USA) in human feeder-conditioned medium and were subcultured every 6-8 days using Accutase (STEMCELL Technologies).
Alkaline phosphatase
For alkaline phosphatase assay, undifferentiated HVR1, HVR2 and HVR3 grown either on hFFs or on Matrigel™ at different passages were stained using AP-Staining Kit (Stemgent, San Diego, CA, USA) according to the manufacturer's instructions.
In vitro differentiation
To promote in vitro spontaneous differentiation, undifferentiated colonies were detached by treatment with Accutase (Gibco, Grand Island, NY, USA), bFGF was withdrawn from the medium, and cells were subjected to embryoid body (EBs) formation using the hanging drop method for 48 h. EBs was then transferred to gelatin-coated plates for further differentiation (Horrillo et al., 2013 and Pezzolla et al., 2015) .
RT-PCR analysis
Total RNA was extracted with TRIzol® Reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. cDNA was synthesized from 2 μg total RNA using MMLV reverse transcriptase (Promega, Madison, WI, USA). RT-PCR was performed according standard procedure and the products were analyzed on a 1.5% agarose gel containing GelRed nucleic acid (Biotium Inc). Primer sequences are listed in Table 1 .
Immunofluorescence
Cells were cultured in Matrigel™-coated confocal plates. Cells were fixed for 20 min in 4% paraformaldehyde solution, washed three times with 0.05% PBS-Tween, and permeabilized for 1 h with PBS containing 0.1% Triton-X 100. After 1 h of blocking incubation with PBS supplemented with 5% Goat Serum and 0.05% Tween, cells were incubated with the primary antibody diluted on blocking solution overnight at 4°C. Then, cells were washed three times with PBS and incubated with secondary antibodies for 1 h at room temperature. Next, cells were washed three times with PBS and incubated with 1 mg/ml Hoechst 33342 (DNA dye) for 5 min at RT, and finally washed three times with PBS. Digital images were obtained using a Leica SP5 confocal microscope (Leica, Mannheim, Germany) or an Olympus IX71 inverted microscope (Olympus, Tokyo, Japan). The antibodies used for immunostaining are listed in Table 2 .
Flow cytometry
Undifferentiated cells were disaggregated by incubation in Accutase (5 min, 37°C). The reaction was stopped with human feederconditioned medium and cells were then centrifuged and resuspended in PBS. A single-cell suspension was obtained, cells labelled with the fluorescent antibodies FITC Mouse anti-SSEA-4 (BD Pharmingen) or FITC Mouse anti HLA-ABC (BD Pharmingen) were analyzed using Flow Cytometry (BD FACSCalibur Cytometry System). Unlabelled cells, and cells labelled with isotype antibody, were used as controls. The data were processed with CellQuest Pro v 5.2.1. Software (BD).
In vivo differentiation assay
Teratomas were generated by intra-testis injection of undifferentiated cells in adult male SCID-beige mice. Resultant teratomas were excised, fixed, sectioned and counterstained with hematoxylin and eosin or alcian blue for assessment of tissues from each of the embryonic germ layers.
Verification and authentication
The Department of Genetics, Reproduction and Fetal Medicine at University Hospital Virgen del Rocío performed karyotype. HVR1 and HVR3 have a normal karyotype 46,XY and 46,XY, respectively. HVR2 3;q14 ). D) FISH analysis of HVR2 cells in metaphase for t(9;15) with specific probes (LSI ABL Spectrum Orange) for chromosome 9 (red) and (LSI BCR Spectrum green) chromosome 22 (green). Upper, arrow indicating the chromosome with ABL translocation der(9). FISH analysis with specific subtelomeric probe (9p/9q). Arrow indicates deletion der(15) for chromosome 15. Oct4-F 5′-CGRGAAGCTGGAGAAGGAGAAGCTG-3′ Oct4-R 5′-AAGGGCCGCAGCTTACACATGTTC-3′ Nanog Nanog-F 5′-GCGCGGTCTTGGCTCACTGC-3′ Nanog-R 5′-GCCTCCCAATCCCAAACAATACGA-3′
Sox2
Sox2-F 5′-ATGCACCGCTACGACGTGA-3′ Sox2-R 5′-CTTTTGCACCCCTCCCATTT-3′ Telomerase (TERT)
TERT-F 5′-ACATGGAGAACAAGCTGTTTGCGG-3′
TERT-R 5′-TGTCGAGTCAGCTTGAGCAGGAAT-3′ ß-actin ß-actin-F 5′-CGCACCACTGGCATTGTCAT-3′ ß-actin-R 5′-TTCTCCTTGATGTCACGCAC-3′ presented a karyotype with chromosome translocation 46,XY, t(9;15)(q34.3;q14). For Analysis by fluorescent in situ hybridization (FISH), specific probe (LSI ABL) to detect distal 9q34 region of chromosome 9 was used. To determine the breakpoint site at chromosome 15 the probe (9pter/9qter) to detect subtelomeric region of chromosome 15 was used. The probe (LSI BCR) to specific to 22q11.2 region of chromosome 22 was used as control.
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